Price-setting behavior of exporters and exchange rate pass-through (ERPT) are crucial issues in international macroeconomics. This paper studies these topics, using a novel dataset of goods-level US-China trade prices collected by the US Bureau of Labor Statistics. We document that the duration of US-China trade prices has declined almost 30% since China began appreciating its currency in 2005. A benchmark menu cost model that is calibrated to the data can replicate the documented decrease in price stickiness. We also estimate ERPT of RMB appreciation into US import prices between 2005 and 2008. The lifelong ERPT is close to one for prices that have at least one change, while the pass-through is less than half when all goods are included. The difference in pass-through rates is a result of about one third of the goods never experiencing a price change.
Introduction
In this paper, we are interested in two issues. First, has the pricing behavior of Chinese and US exporters changed since 2005? In June 2005, China abandoned its hard currency peg to the US dollar and began appreciating its currency. It provides an excellent opportunity to study the impact of exchange rate policy on the price setting behavior of firms in international trade. Second, how much of RMB appreciation between 2005 and 2008 is passed on to US import prices (exchange rate pass-through, or ERPT)? Given China's large current account surplus with the US and the view that this surplus has played a large role in global economic imbalances, several prominent policymakers and economic researchers have pressed China to revalue its currency in order to rebalance the global economy.
1 A fundamental assumption in this argument though is that a large portion of exchange rate movements will be passed on to US import prices from China.
Using goods-level micro data of US-China trade prices collected by the US Bureau of Labor Statistics (BLS), we study the above two issues.
Theoretical studies have found that different price-setting models can have strikingly different macroeconomic implications. Golosov and Lucas (2007) show that monetary shocks are almost neutral in a menu cost model, but they have significant real effects in a time-dependent pricing model. Betts and Devereux (2000) and Devereux and Engel (2003) emphasize that the choice of invoicing currency in international trade transactions critically determines the short-run ERPT and the optimal exchange rate policy in sticky-price open macroeconomic models. Studies based on micro price data, like ours, can help to discriminate among these models and provide empirical guidance on future theoretical studies. For instance, Nakamura and Steinsson (2008) document that the frequency of price increases is positively correlated with US CPI inflation, while the frequency of price decreases is not. Gagnon (2009) finds in Mexican store-level prices that the relation between aggregate inflation and price stickiness is different in high and low inflation regimes. 2 These empirical findings are not consistent with time-dependent sticky-price models that take price stickiness as exogenous and constant, but can be replicated in a menu cost model.
As statistical agencies in the US, Europe, and other countries have begun allowing researchers to access their unpublished goods-level micro price data, there has been a significant increase in empirical work studying price-setting behavior. 3 Using US trade prices collected by the BLS, several recent studies examine price rigidity, invoicing currency, and ERPT. Some examples include Gopinath and Rigobon (2008) , Gopinath, Itskhoki, and Rigobon (2010), , Nakamura and Steinsson (forthcoming), and Neiman (2010), among others. Schoenle (2010) examines how firm's pricing behavior differs across domestic and export market. These empirical studies provide valuable micro foundations for modeling price-setting behavior of exporters and importers.
In this paper, we use the same BLS micro data, but focus on trade prices between the US and China to examine the relationship between the choice of exchange rate regime and the pricing behavior of exporters.
Because both the exchange rate and a firm's pricing behavior are endogenously determined when the exchange rate is fully flexible, it is difficult to pin down a causal relationship between aggregate macro variables and pricing behavior of firms. For instance, the choice of pricing currency determines the short-run ERPT. At the same time, Gopinath, Itskhoki, and Rigobon (2010) find evidence that desired ERPT determines the choice of invoicing currency. Firms that prefer low ERPT will choose local currency pricing, while firms that prefer high ERPT will set prices in their own currency. China's regime switching is largely an exogenous event for exporting firms and provides a great case to study this issue.
We first examine the following features of the data: price stickiness, the size of price changes, the fraction of price increases in all price adjustments, and invoicing currency. In particular, our interest lies in investigating if these features change with China's exchange rate regime change. We find that indeed they do, and that this finding can be replicated in a benchmark menu cost model. Our result is complementary to the existing literature, which finds that the pricing behavior of firms change as the macro environment, such as inflation, changes.
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More specifically, we document significant price stickiness in US-China trade prices. As in Nakamura and
Steinsson (forthcoming), a large fraction of goods in our dataset never change their prices; about a quarter of US export prices to China and one third of import prices from China never changed. As argued in Nakamura and Steinsson (forthcoming), price changes for same goods may take the form of product replacement instead of regular price changes. Since including these goods will over-estimate price stickiness, we then restrict our dataset to only those goods that have at least one price change. 5 Even conditional on goods that have at least one price change, the median frequency of price change is 11.1% for US exports to China, which implies a price duration of 8.5 months, while the median duration of US import prices from China is 10.1 months.
Not only is there significant price stickiness, but this price stickiness also changes over time in our sample.
Using the structural break tests of Bai and Perron (2003) , we detect a structural break around June 2005. 4 For instance, see Nakamura and Steinsson (2008) and Gagnon (2009 We consider a benchmark menu cost model to examine whether the model can replicate the decrease of price stickiness after June 2005. We consider the case of US export prices to China since the structural break is more pronounced in this case than for US import prices from China. The model is similar to the one in Nakamura and Steinsson (2008) , but modified with a shock related to exchange rate movements. Each firm is subject to three shocks: an aggregate inflation shock, an aggregate demand shock related to exchange rate movements, and a firm-specific productivity shock. Given these shocks, demand for its product, and marginal cost, a firm chooses a price in dollars, as documented in the data, to maximize expected lifetime profit. The firm has to pay a real cost if it decides to change its price.
We first calibrate the model to match the extent of price stickiness, the fraction of price increases, and Although our results seem similar to that of Nakamura and Steinsson (2008) and Gagnon (2009) Our paper differs from the above studies in a very important way: we use goods-level price data rather than aggregate price index data. 9 Because price changes for many traded goods take the form of product replacements as emphasized in Nakamura and Steinsson (forthcoming), ERPT estimated from the aggregate price indexes, which do not take into account these product replacements, can be seriously downward biased. 10 Indeed, Nakamura and Steinsson (forthcoming) estimate that the product replacement bias can underestimate ERPT in the aggregate price index by nearly a factor of two.
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We consider two cases when estimating ERPT. We first include all goods, and then we only include goods that have at least one price change. Campa and Goldberg (2005) document that ERPT into the US import price index is less than 40% and has declined since the 1990s. Marazzi and Sheets (2007) find that ERPT to US import prices declined to only 20% after 2000. They argue that competition from China contributes to the decline of ERPT. 8 Since imports from China account for only 22% in US total imports, Auer (2012) argues that actual ERPT of US imports from China could be very large. 9 Li, Ma, Xu, and Xiong (2010) use micro price data of China's export prices to estimate ERPT. However, their firm-level prices are measured by the unit value (total value divided by weight) of exports, which is much less accurate than our goods-level micro price survey data. In addition, their annual data end in 2006 with only one observation after China began appreciating its currency against the US dollar in 2005. Therefore, their data are not suitable to study ERPT between the US and China.
10 Unit value prices in Li, Ma, Xu, and Xiong (2010) cannot identify goods with no price change and therefore won't be able to address the product replacement bias in Nakamura and Steinsson (forthcoming).
11 Gagnon, Mandel, and Vigfusson (2012) argue that the downside bias on ERPT due to selective entry and exit in the BLS's sampling method is modest over the first two years. However, the selective entry bias may not fully capture all product replacement bias discussed in Nakamura and Steinsson (forthcoming). 12 We choose the above sample period because China started to appreciate its currency in June 2005, but re-pegged to the dollar in July 2008 when the global financial crisis broke out.
only goods with at least one price change are included. These findings suggest that ERPT of US imports from China is almost complete after excluding the product replacement bias.
The finding that ERPT is high for US imports from China, which are almost always priced in the dollar, differs from the results found in Gopinath, Itskhoki, and Rigobon (2010) for a group of advanced economies.
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They find that even conditional on a price change, ERPT of imports that are priced in the dollar remains much lower than those priced in exporting countries' currencies. Their findings suggest that firms will choose the importing country's currency if they prefer low ERPT, while exporters that prefer high ERPT will set prices in their own currency. Our result leads one to question why Chinese firms use the dollar as invoicing currency even if their preferred ERPT is high. This could be because the Chinese yuan is not yet freely convertible due to China's capital control measures. It will be interesting to see if more Chinese imports are priced in the Chinese yuan when China relaxes its capital controls.
The remainder of the paper is arranged as follows. Section 2 describes the import and export prices data used in this paper and reports some summary statistics. Section 3 presents our empirical results of price rigidity, and Section 4 reports the results of ERPT. Section 5 concludes and discusses directions for future research.
Data Description
To our best knowledge, our paper is the first to focus on the subset of data collected by the International Price Program (IPP) of the BLS pertaining to US-China trade prices. Our sample includes monthly import and export prices from the IPP Research Database (Blackburn, Kim, and Ulics, 2012) for the period from September 1993 to March 2011. The IPP surveys a sample of US companies based on how much they import and/or export in a given year. These firms are asked to provide transaction prices for a given item on a monthly basis, which are used to produce a modified Laspeyres index of import and export prices. Sampling occurs at the elementary level item (ELI) level, which in most cases corresponds to a 10-digit Harmonized System (HS) classification code.
The BLS currently selects establishments, ELIs, and individual goods using probability sampling techniques. Before the sampling process begins, the BLS obtains data from the Census Bureau or Customs Service on the value and frequency of imports or exports by US companies involved in trade. Such data are consolidated by company and by ELI within each company to decide from which company/ELI combination to sample. Next, the number of goods to request for each firm/ELI combination is determined based on a 13 More than 97% of US imports from China are priced in the dollar. probability proportionate to size. Firms that import/export more from an ELI have a higher probability of being sampled for the prices of goods under that ELI. The last stage is to select goods within a given firm/ELI combination. The chance of an individual good being selected is proportionate to its share of trade within the firm/ELI combination. A more detailed description of the data and the collection process is provided by Gopinath and Rigobon (2008).
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The IPP dataset includes two types of prices: reported prices and net prices. Reported prices are those reported by importers/exporters on BLS survey forms. Reported prices can be either list prices, transaction prices, or estimated prices. Whenever possible, the BLS requests actual transaction prices. When transaction prices are not available or if a transaction does not take place in a particular period, firms are allowed to provide list prices (i.e,. sticker prices that sellers ask for) or estimated prices.
Reported prices are adjusted for discounts, duties, freight charges, or exchange rates, when applicable, to obtain net prices. Such adjustments are done by the BLS to reflect actual transaction prices as much as possible. Net prices are then used by the BLS to calculate import and export price indexes. Although net prices may better reflect the market prices, it can also potentially introduce spurious price changes by firms.
For instance, the adjustment of the prices for exchange rate changes by the BLS will show price changes even if firms do not change their prices. To avoid this problem, we construct a series of net prices where prices imputed by the BLS are excluded (labeled as net prices exclusive thereafter). We use both reported prices and net prices exclusive in our study.
In addition, we exclude intra-firm prices from our data following Gopinath, Itskhoki, and Rigobon (2010) and Nakamura and Steinsson (2010) . Neiman (2010) finds that intra-firm prices are characterized by less stickiness, less synchronization, and greater exchange rate pass-through. These characteristics may just reflect the transfer pricing strategy used to minimize tax payment of multinational firms. Figure 1 shows the share of intra-firm prices for US imports from China. The share remains below 20% for most of our sample period, though it increases steadily over time. In contrast, currently about 48% of the prices for US total imports are intra-firm. This difference could result from China's restrictions on FDI. Or it may also be that firms are endogenously choosing arm's length trade based on the types of goods that China exports.
We think it may be an interesting topic for future research.
Another potential data issue that must be addressed is missing values, which is common in studies using micro price data. We pull forward the last observation to close the gap between observations in our sample, 14 Examples of other studies using the dataset include Clausing (2001) following the standard treatment in the literature. 15 Lastly, we exclude services and petroleum from our dataset. Various services indexes have been introduced and discontinued at different points during our sample period. Currently, the BLS produces only air freight and air passenger services indexes. Indexes for petroleum and ocean tanker freight are two examples that use weighted average prices (BLS, 1997). Moreover, due to the lagged nature of the weights, the volatility in the trade of petroleum can have a large (and possibly misleading) effect on the movement of price indexes. Figure 2 shows the share of import prices from China in total US imports at sectoral levels. The share increased substantially from less than 10% to more than 35%. Under the BLS's probability sampling methods, the higher the value or frequency of trade for a good, the more likely that good is included in the sample.
Share of Prices from China
Thus, the increasing share of import prices from China in total US imports reflects the sharp rise in US-China trade. The increase in the number of goods in our sample also suggests that China began exporting goods that it had not exported or had exported only minimally before. survey. These countries mainly include East Asian countries and Germany. The decline in the share of imported goods from East Asian countries reflects increasing vertical specialization in international trade among these countries and China. In the last two decades, China has become the hub of assembling final products for international trade due to its low labor costs.
In contrast, exports to China only account for a very small fraction of total US export prices in the IPP survey, though the share has increased over time in our sample. At its peak, the share of export prices to China in total US export prices is less than 4%. This contrasts sharply with the import price data, where US import prices from China account for more than 35% of total import prices. Table 1 reports summary statistics of our data. For reported prices of US imports from China, 311,696 price quotes are reported for 14,543 goods. On average, a good lasts for 22.2 months before it is discontinued or replaced by a new product. This is much shorter than the mean life of a good in US total imports, which is 37.5 months as reported in Gopinath and Rigobon (2008) . There is substantial heterogeneity in duration across goods: some goods exist for only one month, while the longest duration is as long as 125 months, or 10 years and 5 months. There is also substantial heterogeneity in the number of price changes across goods.
Product Duration and Price Changes
The average number of price changes for each good is 1.9. A large share of goods (about 35%) never change prices during their lifetime, while some goods have more than 50 price changes. Net prices that exclude imputed prices by the BLS behave similarly to reported prices in the above statistics.
The same summary statistics are also reported for US exports to China in Table 1 . Much fewer goods and prices are recorded for US exports to China. In total, 23,043 reported prices are included for 1,048 goods. 23.4% of prices never changed, which is smaller than that for US imports from China. On average, each good lasts for 23.2 months, similar to US import prices from China. US export prices on average have 5.4 price changes, which is more than double that for import prices from China. Since the average duration of goods is about the same for US imports from and exports to China, more price changes indicate that US exporters change their prices more frequently than their counterparts in China. Statistics for net prices exclusive of imputed prices are similar.
Invoicing Currency
The choice of invoicing currency plays an important role in international macroeconomic issues. For instance, when prices are sticky and set in the producer's currency (producer currency pricing or PCP), all short-run exchange rate changes will be passed on to the importing country's prices (100% ERPT). In contrast, when prices are set in the importer's currency (local currency pricing, or LCP), the short-run ERPT is zero. Devereux and Engel (2003) find that the optimal exchange rate policy is different under PCP and LCP.
Engel (2011) emphasizes the importance for the monetary policy to target currency misalignments under LCP.
In our sample, more than 97% of US import prices from China and almost 100% of US export prices to China are in the US dollar. This is consistent with Gopinath and Rigobon's (2008) finding that more than 90% of US imported goods are priced in dollars. Figure 4 shows the percent of non-dollar prices in US imports from China. Non-US-dollar currencies that are used to price Chinese imports include the Japanese yen, Taiwanese dollar, Hong Kong dollar, Chinese yuan, Deutsche mark, and euro. 
Price Stickiness
In this section, we report our results on the stickiness of US-China trade prices. The BLS adjusts reported prices for exchange rate fluctuations, discounts, and other changes. As argued by Gopinanth and Rigobon (2008) and Nakamura and Steinsson (2008) , such adjustments may introduce spurious price changes. Thus, we focus on reported prices when presenting our results for price stickiness.
Following the literature, we use the frequency of price changes and frequency-implied durations to measure price stickiness. For each good, the frequency is defined as the number of price changes divided by the total number of price quotes. Then we calculate the mean and median frequencies of price changes across all goods. The frequency-implied duration is calculated as in Nakamura and Steinsson (2008):
where d is the duration and f is the frequency of price changes. Table 2 reports our results. The median frequency of price changes for US exports to China is 6.6%, which implies a duration of 14.6 months in our monthly data. Goods with zero price changes, of which there are many in our dataset, also have a frequency of zero, implying a duration of infinity using the above equation. Since the inclusion of these goods overstates the price duration, we also calculate the frequency and duration conditional on a price change (i.e., for goods that have at least one price change). Even in this case, significant price rigidity remains: the median frequency is 11.1%, implying a duration of 8.5 months.
There is significant heterogeneity of price stickiness across goods. Some products change prices much more often than others. As a result, the mean frequency is higher than the median frequency. The mean frequency of price changes for US exports to China is 14.1%, implying a duration of 6.6 months.
The median fraction of price changes that are price increases is 61.8%. This finding is similar to Nakamura and Steinsson's (2008) finding that about two thirds of changes in US consumer prices are price increases.
The mean fraction of price increases is slightly smaller at 59.2%. and the mean is 15% (see Table 2 ). These statistics also point to substantial heterogeneity across goods.
The distribution of price changes for US imports from China has a similar pattern, but the size of price changes is smaller for US import prices than export prices. The median size of price changes is 7.5% and the mean is 11.6%. With regard to price stickiness, US imports from China exhibit higher price stickiness than US exports to China. The median frequency-implied duration is 19.5 months for all goods and 10.1 months for goods with at least one price change. The mean duration is much smaller than the median: 11.7 months for all goods and 7.4 months conditional on a price change. The mean and median fraction of price changes that are price increases are about the same at 55%.
Next, we split our sample into two subsamples: pre-and post-June-2005 to determine if price stickiness differs after China began to appreciate its currency. As shown in Table 2 , conditional on a price change, the median price duration of US exports to China is 9. f raction change(t) = change(t) change(t) + no change(t) ,
where change(t) is the number of prices at time t that are different from their levels at time t − 1 and no change(t) is the number of prices that do not change from t − 1 to t. The above equation calculates the share of price changes in the total number of prices in each month. 
Structural Break Tests
Next, we perform formal structural break tests based on Bai and Perron (2003) to identify the date and number of breaks for the stickiness of US-China trade prices. Two specifications are considered in our tests.
In the first specification,
for t = T j−1 + 1, ..., T j and j = 1, 2, ..., m + 1, where y t is the fraction of price changes in Figure 6 , m is the number of breaks, and T j is the date of the j th structural break. Both the number of breaks and the date of breaks are unknown and so are estimated from the data. In each regime, y t has a different mean a j . So we call this the mean model. In the second specification, y t is allowed to have a different mean and a different deterministic time trend:
for t = T j−1 + 1, ..., T j and j = 1, 2, ..., m + 1. 18 We call this specification the trend model.
Four tests are used to determine the number of breaks in each model:
2. Test H 0 : m = 0 against H A : m = k for pre-specified k;
BIC.
The first test is used to test the null hypothesis of no break against the alternative that there is at least one break. In the second test, we test the null of no break against the alternative of k breaks for k = 1, ..., 5.
We use the third test to find the number of breaks k by testing the null of k breaks against the alternative of k + 1 breaks. The test is conducted sequentially for k = 0, 1, ... until we fail to reject the null hypothesis.
The BIC is also used to select the number of breaks.
Results for US Exports to China
In the mean model, 4. BIC suggests that there is one break and the model with two breaks is the second best model.
All tests strongly reject the null of no breaks. Tests 3 and 4 suggest that there is one structural break (two regimes) in the data. Given one structural break, the mean model indicates the break date is January 2006. an increase in price stickiness in the 1990s. However, the price rigidity decreased substantially in the second regime with a slope of 0.147. Figure 7 displays the share of price changes in each month for US exports to China and the fitted values from the mean and trend models. The evidence of regime switching is very strong in these charts.
US export prices to China become less sticky after 2005. The most obvious explanation is the change in
China's exchange rate policy: when firms face more exchange rate fluctuations that drive their prices out of the optimal price, they change their prices more frequently to align their prices with the optimal one. A competing explanation to the above finding could be that there is a composition effect: the US exports more products after 2005 in sectors with less sticky prices.
To discern which explanation holds in our data, we check the extent of price stickiness at disaggregated levels. Table 4 Figure 8 shows the share of price changes for a select number of representative sectors at the two-digit HS level. A decline in price stickiness around 2005 is also evident in these charts. These findings in the disaggregated data suggest that the decline in price stickiness of US exports to China after 2005 is unlikely to be mainly driven by the composition effect.
Results for US Imports from China
In the mean model, 
Menu Cost Model
The documented changes in trade price stickiness are not consistent with time-dependent stickiness price models (e.g., Calvo model), in which price stickiness is assumed to be constant and exogenous. Several recent studies find that a menu cost model can successfully replicate the correlation between price stickiness and 19 Gopinath and Rigobon's (2008) data ended in April 2005. 20 Gopinath and Rigobon (2008) document that the increase in US import price rigidity from 1994 to 2005 is mainly due to the increase of price stickiness at disaggregated levels rather than the composition or country effects of US imports. Let China be the home country. Suppose that China's demand for total imported goods is a CES function of imports from the US and the rest of the world (ROW):
where C M,t is China's total import demand and C U S,t and C ROW,t are demands for imports from the US and the rest of the world (ROW), respectively.
It is easy to derive the demand for imports from the US:
where S t is the nominal exchange rate (yuan per dollar), P U S,t is the US-dollar price index of US exports to China, and P ROW,t is the price index of China's imports from the ROW (in Chinese yuan). Note that we use the US dollar for US export prices to China (producer currency pricing or PCP), which is consistent with the data.
Assume that the US-goods composite is a CES aggregate of differentiated US goods with the elasticity of substitution θ. As a result, the demand for good z is:
where exporting firms take the nominal exchange rate S t , aggregate prices P U S,t and P ROW,t as exogenous processes.
The production function for US exporting firm z is linear in labor:
where A U S,t (z) is firm-specific productivity and L U S,t (z) is labor input of firm z. Let W U S,t be the nominal wage in the US. It is straightforward to find that the marginal cost for firm z is
A U S,t (z) . In each period, the firm can choose to pay a fixed cost of k units of labor to change its price. Otherwise, it charges the same price as in the last period. Nominal profits of the firm are:
if no price change
The real profit of firm z is:
where τ t = StP U S,t P ROW,t and prices with a hat are the corresponding nominal prices divided by P U S,t .
Following Nakamura and Steinsson (2008), we assume that the aggregate demand and real marginal cost are constant:
The logarithms of productivity, the price level, and τ t are assumed to follow:
log(P U S,t ) = µ + log(P U S,t−1 ) + η t ,
log(τ t ) = ν + φ log(τ t−1 ) + ε τ,t ,
where ε t (z), η t , and ε τ,t are iid with zero mean and standard deviations of σ ε , σ η , and σ τ , respectively.
Given the above exogenous processes, each firm chooses whether or not to change the price and determines the optimal price to maximize real profits in equation (8) which is related to the exchange rate. If parameter α is set to zero, τ t in equation (8) To calibrate the data, we set α = 0.93, which matches the average share of the ROW in China's total imports from 1993 to 2011. Following Nakamura and Steinsson (2008), the discount factor is set equal to β = 0.96 1/12 and θ is set to 4. We calculate the US export price index to China from our dataset and estimate µ = 0.00014 and σ η = 0.0219 in the pre-June-2005 subsample.
We need a measure of τ to calibrate ν, φ and σ τ . Unfortunately, China's import price index from the ROW (P ROW,t ) is unavailable. A potential replacement option is China's aggregate import price index from all trading partners including the US. Since imports from the US only account for 7% of China's total imports, including US imports in the import price index may not change the index significantly. However, China's aggregate import price index is only available after 2005. As a result, we use China's producer price index (PPI) for all industries (available after 1996m1) as a proxy for China's import price index. During overlapping periods of availability, the PPI for all industries traces well the general trends in the import price index. The import price index just shows more volatility than the PPI. We take this as evidence that the PPI is a good proxy for China's import price index. We estimate ν = 0.955, φ = 0.864, and σ τ = 0.0223 in the pre-June-2005 subsample.
Similar to Nakamura and Steinsson (2008), we calibrate
, ρ, and σ ε to match the share of price changes in each month, the fraction of price increases in price changes, and the average size of price changes. In the pre-June-2005 subsample (from 1996m1 to 2005m6), the median share of price changes in each month is 10.1%, the fraction of price increases in price changes is 50%, and the median absolute size of price changes is 7.1%. We choose
, ρ, and σ ε to minimize the sum of percent deviations of our model from the targeted statistics. The share of price changes in our model is 10.03%, and the fraction of price increases is 50.1%, which are very close to the data. The average absolute size of price changes is 7.6% in our model, which is higher than 7.1% in the data.
Next, we keep everything else constant, but re-estimate the processes of log(P U S,t ) and log(τ t ) with the post-June-2005 subsample. Then we feed the new estimates of these two processes into our model and examine how that changes the share of price changes and other statistics. We estimate that µ = 0.0013 and σ η = 0.0263. µ is higher in the second subperiod, indicating that US export prices to China (P U S,t ) increase faster after June 2005. The standard deviation of the inflation (σ η ) also increases slightly from 0.0219 to 0.0263. For the process of log(τ t ), we estimate that ν = 0.2861, φ = 0.957, and σ τ = 0.0277. Table 5 presents the results of the menu cost model. We consider three models for the post-June-2005 subsample with the first one as the benchmark model. In the benchmark model, we keep everything else constant while replacing the processes of log(P U S,t ) and log(τ t ) with estimates from the post-June-2005 data.
The share of price changes increases from 10.1% to 13.7% in the model. Given that the share of price changes is actually 14.3% in the post-June-2005 data, the menu cost model seems to match well the decrease in price rigidity both qualitatively and quantitatively. The fraction of price increases and the size of price changes also increase in the model after June 2005, but to a lesser extent than in the data.
Inflation of P U S,t , µ, is higher in the post-June-2005 subsample than in the pre-June-2005 subsample.
Since Gagnon (2009) shows that high inflation in the menu cost model can reduce price stickiness, in the second model "Only P U S,t ", we examine the effect of the change in µ in driving our benchmark results. In this model, we only replace µ and σ η in the process of log(P U S,t ) with their estimates from the post-June-2005 subsample while keeping all other parameters the same as in the pre-June-2005 subsample. We find that this inflation effect contributes to 40% of the increase in the share of price changes. This model also generates bigger increases in the fraction of price increases and the size of price changes compared to the benchmark model. In the third model, "Only τ t ", we investigate the effect of log(τ t ). We only replace ν and σ τ in the process of log(τ t ) with their estimates from the post-June-2005 subsample while keeping all other parameters the same as in the pre-June-2005 subsample. The share of price changes increases from 10% to 11.7%, which accounts for 45% of the increase in the share of price changes in the benchmark model. The fraction of price increases rises slightly from 50.1% to 51.4%. On the other hand, the size of price changes declines from 7.5% to 7.1%.
Note that the share of price changes increases more than the sum of increases in models "Only P U S,t " and "Only τ t ". This result indicates that the interaction between log(P U S,t ) and log(τ t ) also contributes to the decrease of price stickiness in the benchmark model.
Exchange Rate Pass-through
The extent of pass-through of the exchange rate into local currency import prices is critical for policy issues such as the international transmission of the inflation and the optimal exchange rate policy. The exchange rate pass-through of Chinese products has attracted great interest for both policymakers and academic researchers due to China's large current account with the US and its exchange rate policy. The standard pass-through regression takes the form:
where p t is the log import price denominated in the importing country's currency, s t is the log exchange rate, c * t is the log production cost of exporters, and d t is the log import demand. 21 The coefficient γ measures the percentage change in the import price given a 1% change in the exchange rate. Pass-through is usually found incomplete (γ < 1) and has declined in the last two to three decades for US import prices.
Given the limitations of data, previous studies on the exchange rate pass-through of US imports from
China have used aggregate price indexes. However, Nakamura and Steinsson (forthcoming) point out an important caveat when estimating the exchange rate pass-through using aggregate price indexes. They argue that some US imports experience no price changes during their lifetime because price adjustments can take the form of product replacement. The product replacement usually cannot be adequately measured in the price index because it is difficult to link a product with its replacement in practice. In this case, including goods that are replaced in aggregate price indexes smooths the price indexes and results in a downward biased estimate of exchange rate pass-through.
As shown in the previous section, more than a third of US imported goods from China never change their prices. Our paper contributes to the literature by estimating ERPT of US imports from China using goodslevel prices. We can therefore exclude prices that never change in our estimation of ERPT and investigate how much such prices may affect the estimate of ERPT.
We estimate lifelong ERPT as in Gopinath, Itskhoki, and Rigobon (2010) , in which the following regression is estimated:
where ∆p i is the change of the price of good i during its life, ∆s i is the change in the exchange rate over the same period, and z i includes corresponding changes in other control variables. Following Gopinath, Itskhoki, and Rigobon (2010), we include the US CPI inflation rate, China's CPI inflation rate, and US GDP growth in vector z t . Our sample begins in June 2005 when the RMB started to appreciate against the US dollar and ends in July 2008 to avoid the effect of the global financial crisis. China had also temporarily halted RMB appreciation between July 2008 and May 2010, rendering that period unsuitable for the estimate of ERPT. 21 Lags of ∆pt or ∆st usually are also used in the regression. Our findings also raise several interesting issues for future research. First, Gopinath and Rigobon (2008) find that the price stickiness for US imports increased in the 1990s. They argue that the increase in price stickiness contributed to the decline of ERPT into US import prices. It would be interesting to see if price rigidity for goods from other countries has also increased in the last decade and its impact on ERPT.
Second, we find that ERPT for goods with at least one price change is quite large for US imports from China. However, these imports are still priced in the dollar. This result contradicts what Gopinath, Itskhoki, and Rigobon (2010) find for a group of advanced economies. They find that firms usually choose home currency to price their products if high ERPT is preferred. It is of interest to see if more Chinese exports are priced in RMB in the future and to investigate why if they are not.
Third, as in Midrigan (2011) we document that the distribution of price changes differs from that in the standard menu cost model. Midrigan (2011) shows that incorporating this empirical feature into the menu cost model can substantially increase the real effect of the monetary shock. For future research, we want to study the impact of incorporating the distribution of price changes into a trade model. N ote: -The data are monthly observations from September 1993 to March 2011 and the statistics are calculated from reported prices.
-To calculate the mean and median frequencies, we first find the frequency of each entry level item (ELI). Then the unweighted mean and median of frequencies across ELIs are calculated.
-Duration is calculated from d = −1/ ln(1 − f ), where f is frequency and d is frequency-implied duration.
-Fraction up is the fraction of price increases in total price changes.
-Size of changes is measured by the absolute value of percentage price changes.
-Columns "All goods" include all goods in our sample. Columns "At least 1 change" only include goods that have at least one price change in their lifetime. -Column "All Prices" includes all prices in our sample. Column "Conditional on Price Changes" only includes prices that have at least one change in their lifetime.
